Introduction
============

An estimated 65,340 Americans will be diagnosed with kidney cancer and 14,970 will die of the disease in the USA in 2018.[@b1-cmar-10-2259] Approximately 90% of renal tumors are renal cell carcinoma (RCC), and approximately 80% of these are clear cell carcinoma.[@b2-cmar-10-2259],[@b3-cmar-10-2259] RCC comprises approximately 3.8% of all new cancers, with a median age at diagnosis of 64 years. Younger age at diagnosis has been demonstrated to be a significant prognostic factor for cancer-specific survival (CSS) in numerous malignancies.[@b4-cmar-10-2259]--[@b10-cmar-10-2259] With respect to kidney cancer, previous studies reported that younger patients had a favorable histological subtype and pathological features with better survival than older patients,[@b11-cmar-10-2259]--[@b16-cmar-10-2259] although no difference in prognosis between young and old patients with RCC has been reported.[@b17-cmar-10-2259]--[@b21-cmar-10-2259] Some of these studies included only patients in restricted age groups or were limited by sample size or follow-up periods. Thus, until now, the role of age as a prognostic factor in patients with RCC is still controversial. Furthermore, the association of age-based survival with regard to clinicopathologic characteristics is unclear. We designed our study to specifically evaluate the CSS of four subgroups of patients, based on age at diagnosis, by analyzing the Surveillance, Epidemiology, and End Results (SEER)-registered database. The degree of age-based survival improvement by sex, race, marital status, year of diagnosis, pathological grade, histological type, and stage was measured.

Methods
=======

Patient selection in the SEER database
--------------------------------------

The SEER, a population-based reporting system, was surveyed for retrospective collection of data used in this analysis. We analyzed data from 18 population-based cancer registries included in the SEER program of the National Cancer Institute. The SEER data are publicly available for studies of cancer-based epidemiology and survival analysis. Because no personal identifying information was used in the analysis and since there was no interaction with human subjects, this study was granted an exemption from ethics approval from the Institutional Review Board of the Lihuili Hospital, Ningbo Medical Center on March 30, 2012.

Cases of kidney carcinoma (C64.9) diagnosed from 1990 to 2009 were extracted from the SEER database (SEER\*Stat 8.3.4) according to Site Recode classifications. Only patients between 12 and 84 years of age, with a single primary kidney tumor, were included in the study. The age range was based on adequate study and follow-up time periods. Demographic variables including the year of diagnosis, age at diagnosis, sex, race, marital status, and tumor characteristics (histologic type, pathological grade, and SEER historic stage) were obtained from the registry databases. Patients with unknown survival months or SEER historic stage were excluded.

This study was based on the publicly available data from the SEER database with permission granted to access these research data (SEER\*stat username: liuk).

Statistical analysis
--------------------

CSS was calculated from the date of diagnosis to the date of cancer-specific death. Deaths attributed to kidney cancer were treated as events and deaths from other causes were treated as censored observations. The intergroup comparison of clinicopathologic variables were performed with the chi-squared test. Survival was analyzed using the Kaplan--Meier method.[@b22-cmar-10-2259] The association between each of the potential prognostic factors and the estimated CSS was tested with the log-rank test.[@b23-cmar-10-2259] Multivariate analysis was performed using the Cox regression model.[@b24-cmar-10-2259] HRs and 95% confidence intervals for cancer-specific death associated with age were calculated using Cox proportional hazards models for patients diagnosed during the time periods 1995--1999, 2000--2004, and 2005--2009, which were compared to those diagnosed at baseline, 1990--1994. Cox proportional hazards models were also used to calculate trend tests to calculate *P*-values for improvements in cancer survival. All models were adjusted for sex, race (white, black, or other), marital status at diagnosis (married, ever married, or never married), histologic type (clear cell carcinoma or non-clear cell carcinoma), pathological grade (grade I, II, III, or IV), SEER historic stages (localized, regional, and distant), age (20--49, 50--64, 65--74, or 75--84 years) and year at diagnosis (1990--1994, 1995--1999, 2000--2004, or 2005--2009). "Percentage by age" was calculated as the number of patients diagnosed at a certain age divided by the total number of kidney cancer patients in the database. GaussAmp nonlinear fitting (normal distribution fitting) was performed using the following formula ([Equation 1](#fd1-cmar-10-2259){ref-type="disp-formula"}): $$y = y_{0}A^{- \frac{{(x - x_{C})}^{2}}{2w^{2}}}$$

The GaussAmp fitted curves for different diagnosis periods were plotted using one coordinated system to enable simple visualization and intuitive distribution comparisons. The area under each fitted curve was painted a different color. The statistical test was two-sided and *P*\<0.05 was considered statistically significant. PASW Statistics 19 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. Figure plotting and GaussAmp fitting were performed using Origin Pro version 2017 (OriginLab Corporation, Northampton, MA, USA).

Results
=======

Patient characteristics
-----------------------

This study included 97,875 patients in the SEER database from 1990 to 2009 who met the inclusion criteria. There were 18,615 patients 12--49 years of age, 38,391 patients 50--64 years of age, 25,064 patients 65--74 years of age, and 15,805 patients 75--84 years of age. There were 61,662 (63%) males and 36,213 (37%) females. The median diagnosis age was 62 years (range, 12--84) and the majority of the patients were white (71.1%). Patient demographics and pathological features based on different age groups are summarized in [Table 1](#t1-cmar-10-2259){ref-type="table"}.

Impact of age on CSS time in patients with kidney cancer
--------------------------------------------------------

The distribution of age at diagnosis for kidney cancer changed over the 20-year study period. The percentage of patients aged 12--49 years slightly increased, with the most demonstrable change in patients aged 50--64 years. In contrast, the percentage of patients aged 65--74 years decreased over time. The percentage of patients aged 75--84 years remained relatively stable over the 20-year period ([Figure 1](#f1-cmar-10-2259){ref-type="fig"}). Moreover, as judged by the distribution of patients by age at diagnosis using a GaussAmp fitting curve, a tendency for younger-age kidney cancer morbidity was observed ([Figure 2](#f2-cmar-10-2259){ref-type="fig"}). The 8-year CSS was 79.6% for those aged 12--49 years, 70.6% for 50--64 years, 65.3% for 65--74 years, and 56.0% for 75--84 years, which was significant as judged by the univariate log-rank test (*P*\<0.001; [Figure 3](#f3-cmar-10-2259){ref-type="fig"}). As judged by univariate analysis, significant risk factors for poor survival (all *P*\<0.001) involved the following categories: male, higher tumor grade, ever married at diagnosis, distant stage, earlier year of diagnosis, and non-clear cell carcinoma ([Table 2](#t2-cmar-10-2259){ref-type="table"}). When multivariate analysis with Cox regression was performed, these risk factors were convinced as independent prognostic factors ([Table 2](#t2-cmar-10-2259){ref-type="table"}).

Disparity in age-based survival improvement for kidney cancer patients with various clinicopathologic features
--------------------------------------------------------------------------------------------------------------

All age groups showed improved kidney cancer survival from 1990 to 2009 with the survival improvement greater for younger aged groups ([Figure 4](#f4-cmar-10-2259){ref-type="fig"}). For patients aged 12--49 years, the adjusted HR (95% CI) for those diagnosed from 2005 to 2009 was 0.39 (95% CI, 0.44--0.54) when compared with patients diagnosed from 1990 to 1994. However, for elderly patients aged 75--84 years, the corresponding HR (95% CI) diagnosed from 2005 to 2009 was only 0.73 (95% CI, 0.67--0.79) compared with the patients diagnosed from 1990 to 1994. Moreover, we evaluated the age-based survival improvement for kidney cancer with various clinicopathologic characteristics ([Figures 5](#f5-cmar-10-2259){ref-type="fig"} and [6](#f6-cmar-10-2259){ref-type="fig"}). Improvement in survival of the younger aged groups was most obvious in patients diagnosed during 2005--2009 with an adjusted HR of 2.92 (95% CI, 2.72--3.13). For those aged 70--84 years, when compared to those aged 12--49 years, the adjusted HR was 2.14 (95% CI, 1.92--2.39) for the same age groups from 1990 to 1994. There was a statistically significant age-based survival improvement based on histologic type, sex, and marital status. No apparent difference in age-based survival improvement was observed between clear cell and non-clear cell carcinomas. Female kidney cancer patients experienced greater age-based survival improvements than males with an obvious difference in those survival improvements based on marital status. Furthermore, significant survival improvements were observed for race, pathological grade, and stage with the exception of black race, grade IV, and distant stage (*P*=0.05, *P*=0.07, and *P*=0.07, respectively). White and African-American cancer patients experienced similar degrees of age-based improvements in survival, but patients with pathological grade I and localized stage showed the greatest survival improvement.

Discussion
==========

To our knowledge, this is the first large population-based study to evaluate the prognostic impact of age at diagnosis and the importance of clinicopathologic characteristics for kidney cancer survival using the SEER-registered database. The conventional peak for RCC onset is in the seventh decade of life with only 3%--5% of RCC diagnoses in patients \<40 years of age.[@b25-cmar-10-2259] Previous studies have shown that the mean age for diagnosis of kidney cancer has decreased from 64.7 to 62.7 years with the proportion of patients diagnosed before age 65 increased from 45.9% to 55.3% during the period from 1975 to 2006.[@b26-cmar-10-2259] Furthermore, overall renal cancer diagnosis in the youngest age group (20--39 years) increased more quickly than all other age groups. In this study, the median age at diagnosis was 62 years with a tendency for younger cancer morbidity.

Analysis of the SEER database indicates that the 5-year survival for localized cancer has increased from 88.4% (1992--1995) to 92.6% with advanced disease increasing from 7.3% to 11.7% (2007--2013).[@b27-cmar-10-2259] Pengxiang Li et al found that RCC patients diagnosed from 2006 to 2010 showed improved survival compared with those diagnosed from 2000 to 2005.[@b28-cmar-10-2259] Similar to those results, this study found that all age groups showed improved kidney cancer survival from 1990 to 2009. It is worth noting that survival improvement was greatest for younger age groups than for elderly patients. Improvements in survival are attributed to improved cancer screening, as well as advances in cancer treatments (surgery, radiotherapy, chemotherapy, and targeted therapies). Before 2006, systemic treatment of advanced RCC was limited to cytokines, eg interferon-alfa and interleukin-2. From December 2005 to October 2009, six targeted agents (four that targeted angiogenesis and two rapamycin \[mTOR\]-targeted therapies) were approved for the treatment of advanced RCC by the US Food and Drug Administration. These targeted drug therapies significantly extended survival time for kidney cancer patients.[@b29-cmar-10-2259]--[@b31-cmar-10-2259]

Like most malignancies, the most important prognostic factors at diagnosis for kidney cancer survival are tumor stage, pathological grade, local extent of tumor, regional lymph node involvement, and evidence of metastatic disease. Patient age at diagnosis of kidney cancer has been investigated with inconsistent results. Most investigations have found that younger patients present with a lower tumor stage and with a higher likelihood for nephron sparing surgery than older patients. A few investigations have compared kidney cancer survival rates by sex, actual age, and age at diagnosis, but the importance of age-based survival improvement based on clinicopathologic characteristics is unclear. Muyan Cai et al found that increasing age was associated with a higher incidence of cancer-specific mortality and an age cutoff of 45 years independently predicted CSS of patients with localized RCC.[@b32-cmar-10-2259] Jung et al reported that young age was an independent prognostic factor for CSS only in low-stage clear cell RCC but not in high-stage clear cell RCC.[@b16-cmar-10-2259] In agreement with these findings, this study showed a significant age-based survival improvement only in localized stage disease, but not in regional or distant stage disease. Sangchul Lee et al found that Korean women with RCC had a lower proportion of clear cell but a higher proportion of chromophobe histology and that this histological difference accounted for the better survival rates for Korean women than men.[@b33-cmar-10-2259] Edward N. Rampersaud et al reported survival advantage for women \<42 years and 42--58 years of age, with no advantage for women ≥59 years of age.[@b34-cmar-10-2259] Age was an independent predictor of disease-specific survival in women, but not in men. After examination of the EUROCARE-4 database, Micheli et al found that a highly significant age-adjusted advantage was observed in women overall, with greater relative survival noted in younger age groups.[@b35-cmar-10-2259] Interestingly, women suffered a survival disadvantage in comparison to men in the oldest age group (75--99 years of age). These results are similar to this study in that being female was a significant risk factor for survival. However, female patients showed a greater age-based survival improvement than male patients. These findings suggest that there is a biologic, rather than a cultural basis for the survival advantage of women prior to menopause. The effect of hormones on the development and progression of RCC requires further investigation. A previous study demonstrated a greater degree of RCC-specific survival with regard to nephrectomy status, age, and gender in the later years of the post-targeted period (2006--2010) than the period 2000--2005.[@b28-cmar-10-2259] Similar to these results, this study also showed that age-based survival improvement was more apparent from 2005 to 2009, indicating that younger patients with kidney cancer may benefit more than elderly patients from advances in cancer treatment, including surgery, radiotherapy, chemotherapy, and targeted therapies. Another noteworthy aspect of this study was that no age-based survival improvement was observed specifically in those of the black race or those with pathological grade IV. Studies have shown that white people consistently have a survival advantage over black people, regardless of tumor characteristics or surgical treatment.[@b36-cmar-10-2259],[@b37-cmar-10-2259] But the underlying cause for this disparity is unknown and requires further investigation.

The limitations in the study
----------------------------

Although this is a large population-based study, it has several potential limitations. First, the SEER registry does not collect information on the comorbidities, nutritional status, or performance status of the patients. For example, elderly patients may undergo less aggressive treatment due to comorbidities and poor performance status. Moreover, data on individual socioeconomic status, lifestyle factors, and insurance coverage were not available, which may serve as potential confounding factors. Furthermore, the limitation of not having differentiated by T categories or Fuhrman degrees is explicit. Second, analysis of a nonrandomized patient population may introduce selection bias. Finally, the population was sampled over urban and foreign-born populations, which may affect the generalizability of the findings to the general US population. However, the power of this study is its strength.

Conclusion
==========

Age is an independent prognostic factor for survival in patients with kidney cancer. Further, clinicopathologic characteristics associated with age-based survival should be considered crucial determinants in the treatment of kidney cancer.
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###### 

Patient characteristics

  ------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                                    Total\     Age (years)     *P*-value                                       
                                                              n=97,875                                                                   
  ----------------------------------------------------------- ---------- --------------- --------------- --------------- --------------- ---------
  **Sex**                                                                                                                                

   Male                                                       61,662     11,773 (63.2)   25,695 (66.9)   15,488 (61.8)   8,706 (55.1)    \<0.001

   Female                                                     36,213     6,842 (36.8)    12,696 (33.1)   9,576 (38.2)    7,099 (44.9)    

  **Race**                                                                                                                               

   White                                                      81,181     14,725 (79.1)   31,584 (82.3)   21,170 (84.5)   13,702 (86.7)   \<0.001

   Black                                                      10,691     2,579 (13.9)    4,490 (11.7)    2,404 (9.6)     1,218 (7.7)     

   Other                                                      6,003      1,311 (7.0)     2,317 (6.0)     1,490 (5.9)     885 (5.6)       

  **Pathological grading**                                                                                                               

   Grade I                                                    10,500     2,445 (13.1)    4,150 (10.8)    2,489 (9.9)     1,416 (8.9)     \<0.001

   Grade II                                                   32,024     6,732 (36.2)    13,056 (34.0)   7,900 (31.5)    4,336 (27.4)    

   Grade III                                                  17,660     3,242 (17.4)    7,338 (19.1)    4,589 (18.3)    2,491 (15.8)    

   Grade IV                                                   4,945      890 (4.8)       2,112 (5.5)     1,268 (5.1)     675 (4.3)       

   Unknown                                                    32,746     5,306 (28.5)    11,735 (30.6)   8,818 (35.2)    6,887 (43.6)    

  **Marital status at diagnosis**                                                                                                        

   Married                                                    62,047     11,195 (60.1)   25,814 (67.2)   16,442 (65.6)   8,596 (54.4)    \<0.001

   Ever married[a](#tfn1-cmar-10-2259){ref-type="table-fn"}   19,584     2047 (11.0)     6,152 (16.1)    5,729 (22.9)    5,656 (35.8)    

   Never married                                              16,244     5,373 (28.9)    6,425 (16.7)    2,893 (11.5)    1,553 (9.8)     

  **Stage**                                                                                                                              

   Localized                                                  62,668     13,713 (73.6)   24,744 (64.4)   15,134 (60.4)   9,077 (57.4)    \<0.001

   Regional                                                   16,731     2,451 (13.2)    6,434 (16.8)    4,847 (19.3)    2,999 (19.0)    

   Distant                                                    18,476     2,451 (13.2)    7,213 (18.8)    5,083 (20.3)    3,729 (23.6)    

  **Year of diagnosis**                                                                                                                  

   1990--1994                                                 9,355      1,623 (8.7)     3,369 (8.8)     2,782 (11.1)    1,581 (10.0)    \<0.001

   1995--1999                                                 12,016     2,301 (12.4)    4,309 (11.2)    3,336 (13.3)    2070 (13.1)     

   2000--2004                                                 33,573     6,437 (34.6)    12,995 (33.9)   8,479 (33.8)    5,662 (35.8)    

   2005--2009                                                 42,931     8,254 (44.3)    17,718 (46.1)   10,467 (41.8)   6,492 (41.1)    

  **Histologic type**                                                                                                                    

   CCR                                                        78,803     14,916 (80.1)   31,222 (81.3)   20,281 (80.9)   12,384 (78.4)   \<0.001

   N-CCR                                                      19,072     3,699 (19.9)    7,169 (18.7)    4,783 (19.1)    3,421 (21.6)    
  ------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Including divorced, widowed, and separated.

**Abbreviations:** CCR, clear cell carcinoma; N-CCR, non-clear cell carcinoma.

###### 

Univariate and multivariate survival analyses of patients with kidney cancer according to various clinicopathological variables

  Variable                                                    N        8-year CSS (%)   Univariate *P*-value   Multivariate *P*-value
  ----------------------------------------------------------- -------- ---------------- ---------------------- ------------------------
  **Sex**                                                                                                      
   Male                                                       61,662   67.3             \<0.001                \<0.001
   Female                                                     36,213   74.1                                    
  **Race**                                                                                                     
   White                                                      81,181   68.8             0.189                  \<0.001
   Black                                                      10,691   68.9                                    
   Other                                                      6,003    70                                      
  **Pathological grade**                                                                                       
   Grade I                                                    10,500   89.9             \<0.001                \<0.001
   Grade II                                                   32,024   85.3                                    
   Grade III                                                  17,660   61.8                                    
   Grade IV                                                   4,945    34.7                                    
   Unknown                                                    32,746   54.4                                    
  **Marital status at diagnosis**                                                                              
   Married                                                    62,047   70.3             \<0.001                \<0.001
   Ever married[a](#tfn3-cmar-10-2259){ref-type="table-fn"}   19,584   62.8                                    
   Never married                                              16,244   70.2                                    
  **Stage**                                                                                                    
   Localized                                                  62,668   89.4             \<0.001                \<0.001
   Regional                                                   16,731   57.7                                    
   Distant                                                    18,476   6.8                                     
  **Year of diagnosis**                                                                                        
   1990--1994                                                 9,355    59.7             \<0.001                \<0.001
   1995--1999                                                 12,016   64.1                                    
   2000--2004                                                 33,573   67.5                                    
   2005--2009                                                 42,931   74.1                                    
  **Age (years)**                                                                                              
   12--49                                                     18,615   79.6             \<0.001                \<0.001
   50--64                                                     38,391   70.6                                    
   65--74                                                     25,064   65.3                                    
   75--84                                                     15,805   56                                      
  **Histologic type**                                                                                          
   CCR                                                        78,803   69.5             \<0.001                \<0.001
   N-CCR                                                      19,072   66.1                                    

**Note:**

Including divorced, widowed, and separated.

**Abbreviations:** CSS, cancer-specific survival; CCR, clear cell carcinoma; N-CCR, non-clear cell carcinoma.
